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ELECTRODE, ELECTRODE AND NONAQUEOUS SOLVENT SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain high adhesion 

property, high flexibility, and high electrolyte resistance ^ jp iferv 

by dissolving or dispersing siloxane modified polyamide- „ & 

imide resin in a nonaqueous solvent. 
SOLUTION: The siloxane modified polyamide-imide 
resin to be dissolved or dispersed in the nonaqueous 
solvent is preferably obtained by the reaction of a 
mixture of siloxane diamine and aromatic diamine or 
aliphatic diamine with multivalent carboxylic acid or di- 
isocyanate, or preferably obtained by the reaction of a 
reaction product represented by formula I of di-imide 
dicarboxylic acid obtained by the reaction of a mixture of 
siloxane diamine and aromatic diamine or aliphatic 
diamine with trimellitic anhydride, with di-isocyanate. In 

formula I, R1 is a group represented by formula II; R2 and R3 are each divalent organic 
group; R4-R7 are each 1-1 2C alkyl group or a 6-1 8C aryl group; and n is an integer of 1-50. A 



"ill 



http://wwwl Jpdljpo.goop/PAl/result/detail/main/wAAAal6503DA413068 1 15P1 .htm 5/27/2003 



Searching PAJ 



Page 2 of 2 



nonaqueous solvent binder composition obtained is useful for an electrode for a nonaqueous 
solvent secondary battery. 
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* NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. * * * * shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] (A) The non-aqueous-solvent system binder constituent which made the non-aqueous 
solvent dissolve or distribute a siloxane denaturation polyamidoimide resin. 
[Claim 2] (A) The non-aqueous-solvent system binder constituent according to claim 1 whose 
siloxane denaturation polyamidoimide resin of a component is a siloxane denaturation 
polyamidoimide resin which mixture, a multiple-valued carboxylic acid, or diisocyanate with a 
siloxane diamine, an aromatic diamine, or an aliphatic diamine is made to react, and is obtained. 
[Claim 3] (A) The general formula from which the siloxane denaturation polyamidoimide resin of a 
component makes mixture and trimellitic anhydride with a siloxane diamine, an aromatic diamine, or 
an aliphatic diamine react, and is obtained (1) 
[Formula 1] 




(i) 



(- a formula - inside - R - two - and - R - three - each - independent - divalent - organic - a 
machine - being shown - R - four - R - five - R - six - and - R - seven - each - independent - 

- a carbon number - one 20 - an alkyl group - a carbon number — six 18 an aiyl group 

- being shown - n - one 50 an integer - it is --) - it is - ] 

[Claim 4] The non-aqueous-solvent system binder constituent according to claim 1, 2, or 3 which 
made the non-aqueous solvent dissolve or distribute (B) thermosetting resin furthermore. 
[Claim 5] (B) The non-aqueous-solvent system binder constituent according to claim 4 whose 
thermosetting resin of a component is an epoxy resin which has two or more glycidyl groups. 
[Claim 6] The manufacturing method of the electrode characterized by mixing a non-aqueous-solvent 
system binder constituent and an active material according to claim 1, 2, 3, 4, or 5, and removing a 
non-aqueous solvent after applying to an electrode base front face. 

[Claim 7] The manufacturing method of the electrode according to claim 6 whose active material is 
the transition-metals oxide which can insert or emit a lithium ion in reversible by charge and 
discharge. 

[Claim 8] The manufacturing method of the electrode according to claim 7 which is the lithium 
manganese multiple oxide a transition-metals oxide is indicated to be by the general formula 
LixMny02 (the range of x is 0.2<=x<=2.5, and the range of y is 0.8<=y<-1.25). 



.../tran_web_cgi_ejje?u=http%3A%2F%2Fwww6.ipdl.jpo.go.j 



Page 2 of 2 



[Claim 9] The electrode manufactured according to the manufacturing method of an electrode 
according to claim 6, 7, or 8. 

[Claim 10] The non-aqueous-solvent system rechargeable battery which used the electrode according 
to claim 9 for one [ at least ] pole of a non-aqueous-solvent system rechargeable battery. 



[Translation done.] 
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♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION ' 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to a non-aqueous-solvent 
system binder constituent, the manufacturing method of an electrode, an electrode, and a non- 
aqueous-solvent system rechargeable battery. 
[0002] 

[Description of the Prior Art] By progress of electronic technology, the performance of electronic 
equipment improves, small and portable-ization progress, and a cell of high-energy density is desired 
as a power supply. As a conventional rechargeable battery, although a lead accumulator, nickel, and a 
cadmium cell are mentioned, it is still inadequate in that a cell with a high energy density is obtained. 
Then, as what is replaced with these cells, the organic electrolytic-solution rechargeable battery (it is 
described as a lithium secondary battery below) of high-energy density is developed, and it has spread 
quickly. 

[0003] After a carbon material with little fear of the deposit of flexibility and a lithium which 
occlusion discharge of a lithium was possible for and was excellent is used for a negative electrode in 
lithium compound metallic oxides, such as a lithium cobalt multiple oxide, in a positive electrode, 
and a lithium secondary battery carries out the double spread of what the N-methyl-2-pyrrolidone 
(NMP) was made to distribute these and a binder resin, and was made into the slurry on the metallic 
foil which is a charge collector and dries a solvent, it is pressed with a roller-press machine. Positive 
and the negative-electrode board have been obtained. Many polyvinylidene fluorides (PVDF) are 
mainly used as a binder. 

[0004] However, since adhesion of the interface of a charge collector and a binder layer and the 
adhesion between binder layers are inferior when a polyvinylidene fluoride is used as a binder, at the 
time of manufacturing processes, such as a decision process, a winding process, etc. of a plate, some 
mixtures exfoliate and are omitted from a charge collector, and it becomes a veiy small short circuit 
and the cause of cell capacity dispersion. Moreover, in order to expand and contract especially the 
carbon material of a negative electrode by repeating charge and discharge, there was a problem that a 
mixture exfoliates and is omitted from a charge collector, or the ununifonnity of decline in current 
collection efficiency and a reaction with a lithium arose, and cell capacity fell gradually by the fall of 
adhesion between mixtures. 

[0005] The monomer and unsaturation dibasicity monoester which furthermore make the fluoride 
vinylidene of a publication a principal component at JP,6-172452,A are copolymerized. When using 
the obtained fluoride vinylidene system copolymer as a binder, although the adhesion intensity with a 
charge collector improved, the abnormal-temperature rise under the high voltage decomposed, 
hydrogen fluoride was generated, and it reacted with the lithium intercalation compound (GIC) of a 
negative-electrode board front face, or the depositing metal lithium, carried out unusual generation of 
heat, and had a possibility that a cell might explode and explode. 

[0006] The proposal which uses thermoplastics, such as polyimide resin given in synthetic rubber and 
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JP,6-163031,A containing styrene-butadiene-rubber (SBR) system synthetic rubber given in JP,5- 
74461 , A and diene system rubber given in JP,9-87571 A as binders other than fluororesins, such as a 
polyvinylidene fluoride, is made. However, it dissolves to the electrolytic solution, or these are 
swollen greatly, and cannot maintain adhesion of the interface of a charge collector and a binder 
layer, and adhesion between binder layers for a long period of time. Moreover, in case the electrode 
which flexibility was low and produced is wound even if it forms a binder layer when using 
polyimide resin, the crack of a binder layer and exfoliation arise and capacity is reduced. Although it 
has electrolytic-solution-proof nature, uniform distribution of an active material, a binder, etc. is very 
difficult, a cellulose, a surfactant, etc. need to be added, these dissolve in the electrolytic solution, and 
diene system synthetic rubber, such as styrene butadiene rubber, reduces the charge-and-discharge 
efficiency of a cell. 
[0007] 

[Problem(s) to be Solved by the Invention] Invention according to claim 1 is excellent in an adhesive 
property, flexibility, and electrolytic-solution-proof nature, and provides the electrode of a non- 
aqueous-solvent system rechargeable battery with a very useful non-aqueous-solvent system binder 
constituent. In addition to an effect of the invention according to claim 1, invention according to 
claim 2 is further excellent in an adhesive property and thermal resistance, and provides the electrode 
of a non-aqueous-solvent system rechargeable batteiy with a very useful non-aqueous-solvent system 
binder constituent. Invention according to claim 3 does so an effect of the invention according to 
claim 1 or 2, and thermal resistance is further excellent, and it provides the electrode of a non- 
aqueous-solvent system rechargeable batteiy with a very useful non-aqueous-solvent system binder 
constituent 

[0008] Invention according to claim 4 does so an effect of the invention according to claim 1, 2, or 3, 
and thermal resistance and electrolytic-solution-proof nature are further excellent, and it provides the 
electrode of a non-aqueous-solvent system rechargeable batteiy with a very useful non-aqueous- 
solvent system binder constituent Invention according to claim 5 does so an effect of the invention 
according to claim 4, and thermal resistance and electrolytic-solution-proof nature are further 
excellent, and it provides the electrode of a non-aqueous-solvent system rechargeable battery with a 
veiy useful non-aqueous-solvent system binder constituent Invention according to claim 6 is 
excellent in the cycle-life property when making it an adhesive property, flexibility, electrolytic- 
solution-proof nature, and a cell, and the adhesive property under an elevated temperature, and 
provides a non-aqueous-solvent system rechargeable battery with the manufacturing method of a veiy 
useful electiode. 

[0009] invention according to claim 7 does so an effect of the invention according to claim 6, and the 
cycle-life property when making it a cell further is excellent, and it provides a non-aqueous-solvent 
** rechargeable battery with the manufacturing method of a veiy useful electrode invention according 
to claim 8 does so an effect of the invention according to claim 7, and the cycle-life property when 
making it a cell further is excellent, and it provides a non-aqueous-solvent ** rechargeable battery 
with the manufacturing method of a very useful electrode 

[0010] Invention according to claim 9 is excellent in the cycle-life property when making it an 
adhesive property, flexibility, electrolytic-solution-proof nature, and a cell, and the adhesive property 
under an elevated temperature, is effective in increase in quantity of an active material, and offers the 
electrode which can increase a volume energy density. Invention according to claim 10 is excellent in 
a cycle-life property, electrolytic-solution-proof nature, and the adhesive property under an elevated 
temperature, it can be effective in increase in quantity of an active material, and a volume energy 
density can be increased, burst / explosion danger is small and safety offers the manufacturing 
method of a high non-aqueous-solvent system rechargeable batteiy. 
[0011] 

[Means for Solving the Problem] this invention relates to the non-aqueous-solvent system binder 
constituent which made the non-aqueous solvent dissolve or distribute (A) siloxane denaturation 
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polyamidoimide resin. Moreover, this invention relates to the aforementioned non-aqueous-solvent 
system binder constituent whose siloxane denaturation polyamidoimide resin of the (A) component is 
a siloxane denaturation polyamidoimide resin which mixture, a multiple-valued carboxylic acid, or 
diisocyanate with a siloxane diamine, an aromatic diamine, or an aliphatic diamine is made to react, 
and is obtained. 

[0012] Moreover, this invention is a general formula (1) from which the siloxane denaturation 
polyamidoimide resin of the (A) component makes mixture and trimellitic anhydride with a siloxane 
diamine, an aromatic diamine, or an aliphatic diamine react, and is obtained. 
[Formula 3] 




(- the inside of a formula, and R2 and R3 - each - an independently divalent organic machine - 
being shown - R4, R5, R6, and R7 - each - the alkyl group of carbon numbers 1-20 and the aryl 
group of carbon numbers 6-1 8 are shown independently, and n is the integer of 1-50 - it is related 
with the aforementioned non-aqueous-solvent system binder constituent which is the siloxane 
denaturation polyamidoimide resin which diisocyanate is made to react to the reactant containing the 
diimide dicarboxylic acid shown 

[0013] Moreover, this invention relates to the aforementioned non-aqueous-solvent system binder 
constituent which made the non-aqueous solvent dissolve or distribute (B) thermosetting resin 
further. Moreover, this invention relates to the aforementioned non-aqueous-solvent system binder 
constituent whose thermosetting resin of the (B) component is an epoxy resin which has two or more 
glycidyl groups. Moreover, this invention mixes the aforementioned non-aqueous-solvent system 
binder constituent and an active material, and relates to the manufacturing method of the electrode 
characterized by removing a non-aqueous solvent after applying to an electrode base front face. 
[0014] Moreover, this invention relates to the manufacturing method of the aforementioned electrode 
whose active material is the transition-metals oxide which can insert or emit a lithium ion in 
reversible by charge and discharge. Moreover, this invention relates to the manufacturing method of 
the aforementioned electrode which is the lithium manganese multiple oxide a transition-metals oxide 
is indicated to be by the general formula LixMny02 (the range of x is 0.2<=x<=2.5, and the range of 
yis0.8<=y<=1.25). 

[0015] Moreover, this invention relates to the electrode manufactured according to the manufacturing 
method of the aforementioned electrode. Moreover, this invention relates to the non-aqueous-solvent 
system rechargeable battery which used the aforementioned electrode for one [ at least ] pole of a 
non-aqueous-solvent system rechargeable battery. 
[0016] 

[Embodiments of the Invention] The non-aqueous-solvent system binder constituent of this invention 
needs to make a non-aqueous solvent dissolve or distribute (A) siloxane denaturation 
polyamidoimide resin. 

[0017] The mole ratio of the number of sum total mols of the mixture (**/**=50/50 - 100/0 mole 
ratios) of for example, ** siloxane diamine, ** aromatic diamine, or an aliphatic diamine, a multiple- 
valued carboxylic acid, or diisocyanate can make the siloxane denaturation polyamidoimide resin 
(above-mentioned [ A ]) able to react by 1 / 2.20 - 1/2.05, and can obtain it. As for the mole ratio of 
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the above-mentioned **/**, it is desirable that it is 50 / 50 - 100/0, and it is more desirable that it is 
70 / 30 - 100/0. There is an inclination for an adhesive property to fall [ this mole ratio ] less than by 
50/50. 

[0018] As for the mole ratio of the number of sum total mols of the mixture of the aforementioned ** 
siloxane diamine, ** aromatic diamine, or an aliphatic diamine, a multiple-valued carboxylic acid, or 
diisocyanate, it is desirable that it is 1 / 2.20 - 1/2.05, and it is more desirable that it is 1 / 2.15 - 
1/2.10. When there is an inclination for an adhesive property to fall [ this mole ratio ] less than by 
1/2.20 and 1/2.05 is exceeded, there is an inclination for thermal resistance to fall. 
[0019] Moreover, as for the siloxane denaturation polyamidoimide resin (aforementioned [ A ]), it is 
desirable that it is the siloxane denaturation polyamidoimide resin which diisocyanate is made to 
react to the reactant containing the diimide dicarboxylic acid shown by the general formula (1) which 
mixture and trimellitic anhydride with a siloxane diamine, an aromatic diamine, or an aliphatic 
diamine are made to react, and is obtained, and is obtained. 

[0020] As a divalent organic machine, aiylene machines, such as alkylene machines, such as a 
methylene group, an ethylene, and a propylene machine, a phenylene group, a tolylene machine, and a 
KISHIRIREN machine, etc. are mentioned among the aforementioned general formula (1), for 
example. As an alkyl group of carbon numbers 1-20, among the aforementioned general formula (1) 
For example, a methyl group, an ethyl group, n-propyl group, an isopropyl machine, n-butyl, An 
isobutyl machine, a sec-butyl, a tert-butyl, a pentyl machine, An isopentyl machine, a neopentyl 
machine, a hexyl machine, a heptyl machine, an octyl machine, A nonyl machine, a decyl group, a 
undecyl machine, a dodecyl machine, a tridecyl machine, a tetradecyl machine, a pentadecyl group, a 
hexadecyl machine, a heptadecyl machine, an octadecyl machine, a nona decyl group, icosyl groups, 
these structural isomers, etc. are mentioned. Among the aforementioned general formula (1), as an 
aryl group of carbon numbers 6- 1 8, a phenyl group, a tolyl group, a xylyl group, a biphenyl machine, 
a naphthyl group, an anthryl machine, a phenan tolyl group, etc. may be mentioned, and it may be 
replaced by a halogen atom, the amino group, a nitro group, the cyano group, the sulfhydryl group, 
the allyl group, the alkyl group of carbon numbers 1-20, etc., for example. 
[0021] As for the mole ratio of the siloxane diamine for obtaining the diimide dicarboxylic acid 
shown by the aforementioned general formula (1), and trimellitic anhydride, it is desirable that it is 1 / 
2.20 - 1/2.05, and it is more desirable that it is 1 / 2.15 - 1/2.10. Subsequently, the diimide 
dicarboxylic acid and diisocyanate which are shown by the aforementioned general formula (1) are 
made to react by the mole ratio 1 / 1 .50 - 1/1 .05, things are desirable, and it is more desirable to make 
it react by 1/1.35 -1/L20. 

[0022] As the aforementioned siloxane diamine, it is a general formula (2), for example. 
[Formula 5] 




What is expressed with (R8 and R9 show a divalent organic machine independently respectively 
among a formula, R10, Rl 1, R12, and R13 show the alkyl group of carbon numbers 1-20 and the aryl 
group of carbon numbers 6-18 independently respectively, and n is the integer of 1-50) is used. 
[0023] As such a siloxane diamine, it is the following formula. [Formula 6] 
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What is shown for the (inside of a formula and n to be the integers) of 1-50 is mentioned. 
[0024] Amino denaturation silicone-oil X-22-161AS which is a siloxane system both-ends amine also 
in these as an available thing commercially, for example (the amine equivalent 450, tradename by 
Shin-Etsu Chemical Co., Ltd.), X-22-161A (the amine equivalent 840, tradename by Shin-Etsu 
Chemical Co., Ltd.), X-22-161B (the amine equivalent 1500, tradename by Shin-Etsu Chemical Co., 
Ltd.), BY 16-853 (the amine equivalent 650, Dow Corning Toray Silicone tradename), BY16-853B 
(the amine equivalent 2200, Dow Corning Toray Silicone tradename), etc. are mentioned a siloxane 
diamine the inside of a diamine from the point of an adhesive property and flexibility - more than 
50 mol % - using is desirable These are independent or are used combining two or more kinds. 
[0025] As the aforementioned aromatic diamine, for example O-phenylenediamine, m- 
phenylenediamine, p-phenylene diamine, 3, and 3-diamino diphenyl-ether, 4, and 4'-diamino 
diphenyl-ether, 3, 4'-diamino diphenyl-ether, 3, and 3-diamino diphenyl difluoromethane, 4, A 4- 
diamino diphenyl fluoro methane, 3, and 3-diaminodiphenyl-sulfone, 3, 4'-diaminodiphenyl-sulfone, 
4, and 4 l -diammodiphenyl-sulfone, 3, and 3-diamino diphenyl sulfide, 3, a 4 , -diamino diphenyl 
sulfide, 4, 4 f -diamino diphenyl sulfide, 3, and 3-diamino diphenyl-ketone, 3, 4 f -diamino diphenyl- 
ketone, 4, and 4-diamino diphenyl SURUKETON, 2, and 2-screw (3-aminophenyl) propane, 2, and 
2-(3, 4'-diamino diphenyl) propane, 2 and 2- Hexafluoro propane, 2, and 2-screw (4-aminophenyl) 
hexafluoro propane, 1, 3-screw (3-amino phenoxy) benzene 1, 4-screw (4-amino phenoxy) benzene, 
3, 3 -[1, 4-phenylene screw (3, 4-diamino diphenyl) ] screw aniline, 3, 4-[l and 4-phenylene screw 
(1 -methyl ethylidene)] screw aniline, 4, and 4'-[l and 4-phenylene screw (1 -methyl ethylidene)] screw 
aniline, 2, and 2-screw [4- (1 -methyl ethylidene) A phenyl] propane, 2, (3-amino phenoxy) 2-screw 
[4- Phenyl] propane, 2, and 2-screw [4-(3-amino phenoxy) phenyl] hexafluoro propane, 2, and 2- 
screw [4-(4-amino phenoxy) phenyl] hexafluoro propane, screw [4- (4-amino phenoxy) (3-amino 
phenoxy) A phenyl] sulfide, a screw [4-(3-amino phenoxy) phenyl] sulfone, a screw [4-(4-amino 
phenoxy) phenyl] sulfone, etc. are mentioned. It is desirable that it is what has three or more aromatic 
rings also in these. These are independent or are used combining two or more kinds. 
[0026] As the aforementioned aliphatic diamine, there are an alkylene diamine, a polyoxyalkylene 
diamine, etc., for example. Moreover, heterocycle formula diamines, such as alicyclic diamines [, 
such as isophorone diamine, 4 and 4'-dicyclohexyl methanediamine, ], 3, and 9-screw (3- 
aminopropyl)-SUPIRO [ 2, 4, 8, and 10-tetrapod ] [5, 5] undecane, etc. are mentioned. These are 
independent or are used combining two or more kinds. As for the ratio of an aromatic diamine and an 
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aliphatic diamine, it is desirable to use from a heat-resistant point at 20 or less % of the weight to the 
total quantity of an aromatic diamine / aliphatic diamine. 

[0027] As the aforementioned multiple-valued carboxylic acid, for example Oxalic acid, a malonic 
acid, a succinic acid, A glutaric acid, an adipic acid, a pimelic acid, an azelaic acid, a sebacic acid, 
ARUKIRENTE-Tell joint content dicarboxylic acids, such as dodecane 2 acid and eicosane 2 acid, 
Aliphatic dicarboxylic acids, such as an alkylene carbonate joint content dicarboxylic acid and a 
butadiene joint content dicarboxylic acid, Aromatic dicarboxylic acids, such as a phthalic acid, an 
isophthalic acid, a terephthalic acid, and a naphthalene dicarboxylic acid, Butane - 1, 2, 4- 
tricarboxylic acid, naphthalene -1,2, 4-tricarboxylic acid, Tricarboxylic acids, such as trimellitic 
acid, butane - 1, 2, 3, 4-tetracarboxylic acid, Pyromellitic acid, benzophenone -3, 3 1 , 4, and 4- 
tetracarboxylic acid, Tricarboxylic acids, such as diphenyl-ether -3, 3 1 , 4, and 4 , -tetracarboxylic acid, 
Biphenyl -3, 3', 4, and 4-tetracarboxylic acid, naphthalene [ - Carboxylic acids, such as 1, 2 5, and 8- 
tetracarboxylic acid, an anhydrous TORIMETTO acid etc. are mentioned. ] - 2, 3, 6, 7-tetracarboxylic 
acid, naphthalene - 1, 2, 4, 5-tetracarboxylic acid, naphthalene As for an aliphatic dicarboxylic acid, it 
is desirable to use less than [ 20 mol % ] in a multiple-valued carboxylic acid from a heat-resistant 
point. These are independent or are used combining two or more kinds. 
[0028] As the aforementioned aromatic diisocyanate, for example 4 and 4 f -diphenylmethane 
diisocyanate (It abbreviates to MDI hereafter), 2, 4-tolylene diisocyanate, 2, 6-tolylene diisocyanate, 
1, 5-naphthalene diisocyanate, tolidine di-isocyanate, p-phenyl diisocyanate, 4-4'- 
diphenyletherdiisocyanate, Aromatic diisocyanate, such as m-xylylene diisocyanate and m- 
tetramethyl xylylene diisocyanate, 1, 6-hexamethylene di-isocyanate, 2 and 2, 4- 
trimethylhexamethylene JIISHI cyanate, Cycloaliphatic diisocyanate, such as aliphatic diisocyanate [, 
such as 2, 4, and 4-trimethylhexamethylene JIISHI cyanate, ], isophorone diisocyanate, 4, and 4- 
dicyclohexylmethane diisocyanate, etc. is mentioned. As for aliphatic diisocyanate, it is desirable to 
use less than [ 10 mol % ] from a heat-resistant point. These are independent or are used combining 
two or more kinds. 

[0029] The siloxane denaturation polyamidoimide resin of the (A) component used by this invention 
For example, mixture ((I)/(ET) =0.1/99.9 - 99.9 / 0.1 mole ratios) and trimellitic anhydride of an 
aromatic diamine or an aliphatic diamine (I), and a siloxane diamine (II) The number of sum total 
mols of ((I)+ (II)) and the mole ratio of TMA (it abbreviates to TMA hereafter) by 1 / 2.20 - 1/2.05 
under existence of a non-proton nature polar solvent Make it react at about 50-90 degrees C for about 
0.2 to 1 .5 hours, and the aromatic hydrocarbon in which water and azeotropy are still more possible is 
supplied by about 0. 1 - 0.5% of the weight of the non-proton nature polar solvent React at 120-1 80 
degrees C, and the mixture containing siloxane diimide dicarboxylic acid is manufactured. This and 
aromatic diisocyanate (HI) can be manufactured at reacting at about 150-250 degrees C for about 0.5 
to 3 hours (/(Iff) =1/1.50 - 1/1.05 mole ratios) ((T) + (IT)). Moreover, after manufacturing aromatic 
diimide dicarboxylic acid, an aromatic hydrocarbon can be removed from the solution by making the 
solution into about 150-250 degrees C, and it can also manufacture by performing the reaction of this 
and aromatic diisocyanate. Moreover, as for a siloxane denaturation polyamidoimide resin, it is 
desirable that it is a varnish containing a non-proton nature polar solvent. 

[0030] It is desirable that they are a siloxane diamine and TMA, and the organic solvent that does not 
react as the aforementioned non-proton nature polar solvent, for example, in order to mention a 
dimethylacetamide, a dimethylformamide, dimethyl sulfoxide, a N-methyl-2-pyrrolidone, gamma- 
butyrolactone, a sulfolane, a cyclohexanone, etc. and for an imide-ized reaction to take an elevated 
temperature, especially a N-methyl-2-pyrrolidone with the high boiling point is desirable. Since a 
reaction does not fully advance but the moisture content contained in the above-mentioned non- 
proton nature polar solvent causes [ of a polymer ] a molecular weight fall by the trimellitic acid 
which TMA hydrates and generates, it is desirable to be managed at 0.2 or less % of the weight. 
Moreover, although not restricted, that the solubility of TMA falls and it becomes impossible to 
perform sufficient reaction when there are many rates of a weight with which a siloxane diamine and 



http://www4.ipdljpo.go.jp/cgi-bin/tian_web_cgi_ejje 



2003/06/02 



Page 7 of 15 



TMA were doubled, and since [ if conversely low, ] it is disadvantageous as a industrial 
manufacturing method, a bird clapper is desirable [ especially the non-proton nature polar solvent 
used by this invention ] in 10 - 70% of the weight of the range. These are independent or are used 
combining two or more kinds. 

[003 1] As for the weight average molecular weight of (A) siloxane denaturation polyamidoimide 
resin of this invention, it is desirable that it is 30,000-100,000 from the balance of a property, and it is 
more desirable that it is 45,000-85,000. When there is an inclination for thermal resistance to fall 
[ this weight average molecular weight ] less than by 30,000 and 100,000 is exceeded, there is an 
inclination for an adhesive property to fall. In this invention, weight average molecular weight is 
measured using the calibration curve by standard polystyrene by the gel permeation chromatoeraDhv 
method (GPC). 

[0032] The non-aqueous-solvent system binder constituent of this invention can be made to contain 
(B) thermosetting resin if needed. As the above-mentioned thermosetting resin, an epoxy resin, 
phenol resin, polyester resin, polyimide resin, a bismaleimide triazine resin, etc. are mentioned^ for 
example. 

[0033] Especially the epoxy resin from the point of an adhesive property and handling nature is 
desirable, as the above-mentioned epoxy resin For example, the bisphenol A type epoxy resin, a 
bisphenol female mold epoxy resin, A bisphenol S type epoxy resin, a phenol novolak type epoxy 
resin, A cresol novolak type epoxy resin, a naphthalene type epoxy resin, and its denaturation object, 
BIKISHIRE nil diglycidyl ether, YDC1312 (Tohto Kasei make), TMH574 (Sumitomo Chemical 
make), Epicoat 103 IS (product made from oil-ized shell), Aromatic system epoxy resins, such as 
EPOTOTO 8125 (tradename by Tohto Kasei Co., Ltd.), Neopentyl glycol diglycidyl ether, 
polypropylene glycol diglycidyl ether, Heterocycle formula epoxy compounds, such as aliphatic 
system epoxy resins, such as tetrahydrophtal acid diglycidyl ester, and a triglycidyl isocyanate, 
EPOLEAD PB3600 (tradename made from Die Cell Chemistry), etc. are mentioned. 
[0034] In these, it is desirable to use the epoxy resin which has two or more glycidyl groups, and its 
hardening accelerator. Moreover, a glycidyl group is so good that there are, and if it is three or more 
pieces, it is still more desirable. [ many ] Loadings change with number of glycidyl groups, and the 
loadings to a silicone denaturation polyamidoimide resin are so good that there are many glycidyl 
groups at least. Moreover, it is still more desirable if the curing agent of an epoxy resin is used 
together. These are independent or are used combining two or more kinds. 
[0035] As for the loadings of the epoxy resin used by this invention, it is desirable that it is the 5 - 
100 weight section to an adhesive property, flexibility, and a heat-resistant point to the (A) 
component 100 weight section, and it is more desirable that it is 10 - 50 weight section. When there is 
an inclination for electrolytic-solution-proof nature with these loadings sufficient in under 5 weight 
sections not to be obtained and the 100 weight sections are exceeded, there is an inclination for a 
sufficient adhesive property and sufficient flexibility not to be obtained. 

[0036] As the curing agent or hardening accelerator of the aforementioned epoxy resin, in an epoxy 
resin, the thing which reacts, or hardening, if it is a promotion ****** thing, what thing may be used, 
for example, amines, imidazole derivatives, polyfunctional phenols, and acid anhydrides will be 
mentioned. As the above-mentioned amines, a dicyandiamide, a diamino diphenylmethane, a 
guanylurea, etc. are mentioned, for example. As the above-mentioned imidazole derivative's, alkyl 
group substitution imidazoles, such as a 2-ethyl-4-methyl imidazole, a benzimidazole, etc. are 
mentioned, for example. As the above-mentioned polyfunctional phenols, novolak phenol type 
phenol resin, resol type phenol resin, etc. which are a hydroquinone, a resorcinol, bisphenol A and 
these halogenated compounds, and the addition condensation object of the aforementioned 
polyfunctional phenols and formaldehyde are mentioned, for example. As the above-mentioned acid 
anhydrides, phthalic anhydride, a benzophenone tetracarboxylic acid dihydrate, methyl himic acid, 
etc. are mentioned, for example. Among these, as a hardening accelerator, especially the thing for 
which imidazole derivatives are used is desirable. 
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[0037] In the case of amines, the initial complement of these curing agents or a hardening accelerator 
has the desirable amount to which the equivalent of the active hydrogen of an amine and the weight 
per epoxy equivalent of an epoxy resin become almost equal. In the case of an imidazole, it does not 
become equivalent ratio with active hydrogen simply, but it is [ 0.1 - 10.0 weight section ] 
experientially necessary to the epoxy resin 100 weight section. In the case of polyfunctional phenols, 
0.6 to 1 .2 hydroxyl equivalent is required to lEq of epoxy groups of an epoxy resin. Since a non- 
hardened epoxy resin remains if there are few amounts of these curing agents or a hardening 
accelerator, an adhesive properly falls, and since an unreacted curing agent and an unreacted 
hardening accelerator remain if many [ too ], electrolytic-solution-proof nature falls. These are 
independent or are used combining two or more kinds. 

[0038] In this invention, a non-aqueous solvent is made to dissolve or distribute these constituents so 
that a solid content may become about 10 - 30% of the weight, and it considers as a non-aqueous- 
solvent system binder constituent. As the above-mentioned non-aqueous solvent, if solubility is 
acquired, what thing may be used and a dimethylacetamide, a dimethylformamide, dimethyl 
sulfoxide, a N-methyl-2-pyrrolidone, gamma-butyrolactone, a sulfolane, a cyclohexanone, etc. will be 
mentioned, for example. These are independent or are used combining two or more kinds. 
[0039] The non-aqueous-solvent system binder constituent and active material of this invention can 
be mixed, it can apply to an electrode base front face, and an electrode can be manufactured by 
removing a polar non-aqueous solvent. As the above-mentioned electrode base, aluminum, copper, 
etc. are mentioned, for example. 

[0040] Although a well-known thing can be used as the above-mentioned active material, for 
example, the end of a carbon powder, such as an amorphous carbon and an artificial graphite, etc. is 
mentioned, it is desirable that it is the transition-metals oxide which can insert or emit a lithium ion 
in reversible, and lithium manganese multiple oxides, such as lithium nickel multiple oxides, such as 
lithium cobalt multiple oxides, such as a cobalt acid lithium, and a nickel acid lithium, and a 
manganic acid lithium, such mixture, etc. are mentioned as these examples, for example. 
[0041] In the above-mentioned lithium nickel multiple oxide, the lithium nickel multiple oxide which 
replaced the nickel site or the lithium site with at least one or more sorts of metals chosen from 
aluminum, V, Cr, Fe, Co, Sr, Mo, W, Mn, B, Mg, etc. is sufficient. Also in the above-mentioned 
lithium manganese multiple oxide, the lithium manganese multiple oxide which replaced the 
manganese site or the lithium site with at least one or more sorts of metals chosen from Li, 
aluminum, V, Cr, Fe, Co, nickel, Mo, W, Zn, B, and Mg is sufficient. 
[0042] As for the above-mentioned lithium manganese multiple oxide, it is desirable that it is 
LixMny02. As for Above x, it is desirable that it is the range of 0.2<=x<=2.5, and it is [ Above y ] 
desirable that it is 0.8<=y<=1.25. The amount of Mn eluted from a positive active material since a 
non-aqueous-solvent system binder constituent exists so that a part of particle front face of a lithium 
manganese multiple oxide may be worn when manufacturing a non-aqueous-solvent system 
rechargeable battery, using the above-mentioned lithium manganese multiple oxide as a positive 
active material can be reduced, the electronic-conduction nature of a positive electrode is secured, 
and since degradation of the negative electrode by Mn eluted in one side can also be suppressed, the 
organic electrolytic-solution rechargeable battery which has improved the cell capacity fall by the 
charge-and-discharge cycle can obtain. 

[0043] Although especially a limit does not have a non-aqueous-solvent system rechargeable battery 
using the above-mentioned electrode For example, it winds through the separator which consists of a 
polyethylene fine porous membrane etc. Produce a spiral-like winding group, insert this winding 
group in a cell can, and the nickel tab terminal beforehand welded to the copper foil of a negative- 
electrode charge collector is welded to a battery can bottome. The electrolytic solution is put into the 
obtained cell container, and the aluminum tab terminal beforehand welded to the aluminum foil of a 
positive-electrode charge collector is welded to a lid, and a lid can be arranged in the upper part of a 
cell can through an insulating gasket, and it can cany out sealing etc. and can manufacture. 
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[0044] As the above-mentioned electrolytic solution, for example, organic solvents, such as 
carbonate, ester, ether, ketones, lactone, nitril, amines, amides, sulfur compounds, chlorinated 
hydrocarbons, and sulfolane system compounds, are mentioned, and independent or two or more 
kinds of mixed solvents, such as propylene carbonate, ethylene carbonate, 1, 2-dimethoxyethane, 1, 
2-diethoxy ethane, diethyl carbonate, gamma-butyrolactone, a tetrahydrofuran, diethylether, a 
sulfolane, an acetonitrile, dimethyl carbonate, and a N-methyl-2-pyrrolidone, are desirable As the 
above-mentioned electrolyte, LiC104, LiPF6, LiPF4, LiBF4, LiCl, LiBr, CH3S03Li, and LiAsF6 
grade are mentioned, for example. 

[0045] The electrode of this invention is excellent in the adhesion of the binder layer containing an 
active material, and the metallic foil which is an electrode base, excellent in electrolytic-solution- 
proof nature and thermal resistance, and even if used under an elevated temperature, it can maintain 
an electrode base, a binder layer, and the adhesion intensity between binder layers for a long period of 
time, if an electrode base, a binder layer, and the adhesion intensity between binder layers improve — 
a mixture — the addition of an inner non-aqueous-solvent system binder constituent can be reduced, it 
is possible to, increase the amount of active materials as a result, and the cell using this electrode can 
increase a volume energy density Since the cell using the electrode which maintained an electrode 
base, a binder layer, and the adhesion intensity between binder layers for a long period of time can 
maintain an electrode base, a binder layer, and the electric conduction network between binder layers 
and can perform a charge reaction and an electric discharge reaction uniformly even if it repeats 
charge and discharge, its cycle-life property can also improve. 
[0046] 

[Example] Hereafter, this invention is explained in detail based on an example. In addition, unless it 
refuses especially among an example, the section and % show weight section and weight %, 
respectively. 

[0047] (Composition of a siloxane conversion polyamidoimide resin) with [ which connected the 
reflux condenser ] a cock - the 11. separable flask equipped with the 25ml moisture fixed quantity 
receiver, the thermometer, and the stirrer - as an aroma diamine as 2 and 2-screw [4-(4-amino 
phenoxy) phenyl] propane and a siloxane diamine - reactant silicone-oil X-22-161- it taught with the 
compounding ratio which showed NMP (N-methyl-2-pyrrolidone) in Table 1, respectively as AS (the 
tradename by Shin-Etsu Chemical Co., Ltd., amine equivalent 416), TMA (trimellitic anhydride), and 
a non-proton nature polar solvent, and agitated for 30 minutes at 80 degrees C And after supplying 
100ml of toluene as an aromatic hydrocarbon in which water and azeotropy are possible, temperature 
was raised and it was made to flow back at 160 degrees C for 2 hours. It checked that 3.6ml or more 
of water has collected on a moisture fixed quantity receiver, and that the outflow of water was no 
longer seen, and removing an effluent collected on the moisture fixed quantity receiver, temperature 
was raised to about 190 degrees C, and toluene was removed. Then, the solution was returned to the 
room temperature, the amount which showed MDI (4 and 4-diphenylmethane diisocyanate) in Table 
1 as aromatic diisocyanate was supplied, and it was made to react at 190 degrees C for 2 hours. The 
NMP solution of the siloxane conversion polyamidoimide resin A-1 and the siloxane conversion 
polyamidoimide resin A-2 was obtained after the reaction end. 
[0048] 
[Table 1] 
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[0049] (Production of a non-aqueous-solvent system binder constituent) 

The material shown in Table 2 to examples 1-6, the siloxane conversion polyamidoimide resin A-l 
obtained example of comparison 1, and the siloxane conversion polyamidoimide resin A-2 was 
added, and the constituent for binders was obtained. After applying the N-methyl-2-pyrrolidone 
solution (the product made from the Kureha chemistry, tradename KF-1 100) of a polyvinylidene 
fluoride to rolling copper foil as obtained resin constituent I- VI for binders, and an example 1 of 
comparison so that it may become about 30 micrometers of dryness thickness, it dried at 120 degrees 
C for 3 hours, and dryness hardening was carried out at 1 80 degrees C for 2 hours, and the hardening 
paint film was obtained. Subsequently, the hardening paint film was stuck on the glass plate which 
stuck the double-sided tape beforehand, and the rolling copper foil adhesion hardening paint film 
stuck on the glass plate was obtained. The adhesive property (Peel intensity to rolling copper foil) of 
this hardening paint film was measured. The result was shown in Table 2. 
[0050] 
[Table 2] 
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[0051] (Production of a negative-electrode electrode) 

The amorphous carbon of 20 micrometers of example 7 mean particle diameters and the non- 
aqueous-solvent system binder constituent I are mixed at a rate of 96:4, injection mixture is carried 
out at aN-methyl-2-pyrrolidone, and a slurry-like solution is produced. This solution is applied to 
both sides of copper foil with a thickness of 10 micrometers, and it dries to them, a mixture - a 
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coverage is one side 65 g/m2 a mixture - bulk density becomes 1 .0 g/cm3 - as — a roll-press 
machine - rolling out - 56mm width of face - cutting ~ a short **-like negative electrode - a 
mixture -- the electrode sheet was produced a negative electrode - a mixture — the current collection 
tab of the product [ edge / of an electrode sheet ] made from nickel - ultrasonic welding - carrying 
out - a bridge formation of removal of the remains solvent in after that and an electrode, and the 
water of adsorption, and a non-aqueous-solvent system binder constituent sake - 180 degrees C — a 
1-hour vacuum drying - carrying out - a negative electrode - a mixture - the electrode was obtained 

[0052] The negative-electrode electrode was obtained like the example 7 except using non-aqueous- 
solvent system binder constituent II-VI at the time of production of the solution of the shape of an 
example 8-12 slurries. 

[0053] The non-aqueous-solvent system binder constituent I is mixed with the artificial graphite of 20 
micrometers of example 13 mean particle diameters at a rate of 95:5, injection mixture is carried out 
at a N-methyl-2-pyrrolidone, and a slurry-like solution is produced. This solution is applied to both 
sides of copper foil with a thickness of 10 micrometers, and it dries to them, a mixture - a coverage 
is one side 65 g/m2 a mixture - bulk density becomes 1.0 g/cm3 - as - a roll-press machine - 
rolling out - 56mm width of face - cutting - a short **-like negative electrode - a mixture - the 
electrode sheet was produced a negative electrode - a mixture - the current collection tab of the 
product [ edge / of an electrode sheet ] made from nickel — ultrasonic welding - carrying out — the 
bridge formation of removal and the resin constituent for non-aqueous-solvent system binders by the 
remains solvent in after that and an electrode, and adsorption sake - 1 80 degrees C - a 1-hour 
vacuum drying - carrying out - a negative electrode - a mixture - the electrode was obtained 
[0054] The negative-electrode electrode was obtained like the example 13 except using non-aqueous- 
solvent system binder constituent II-VI at the time of production of the solution of the shape of an 
example 14-18 slurries. 

[0055] Example of comparison 2 negative electrode mixes the amorphous carbon of 20 micrometers 
of mean particle diameters, and a polyvinylidene-fluoride resin at a rate of 90:10, carries out injection 
mixture at a N-methyl-2-pyrrolidone, and produces a slurry-like solution. This solution is applied to 
both sides of copper foil with a thickness of 10 micrometers, and it dries to them, a mixture - a 
coverage is one side 65 g/m2 a mixture - bulk density becomes 1.0 g/cm3 - as - a roll-press 
machine - rolling out - 56mm width of face - cutting - a short **-like negative electrode - a 
mixture - the electrode sheet was produced a negative electrode - a mixture — the current collection 
tab of the product [ edge / of an electrode sheet ] made from nickel - ultrasonic welding - carrying 
out - a heat curing of the remains solvent in after that and an electrode, or a removal of the water of 
adsorption and a binder resin sake - 160 degrees C - a 3-hour vacuum drying - carrying out - a 
negative electrode - a mixture - the electrode was obtained 

[0056] The negative-electrode electrode was obtained like the example 13 except using a 
polyvinylidene-fluoride resin instead of an example of comparison 3 non-aqueous-solvent system 
binder constituent. 

[0057] About the obtained electrode, electrolytic-solution-proof nature (existence of the 
abnormalities in appearance in one 1000 times the scale factor of this according to the electron 
microscope after being 24-hour immersed at 50 degrees C to these using the mixed liquor of the 
ethylene carbonate / dimethyl carbonate =1/2 (volume ratio) in which LiPF6 was dissolved as the 
electrolytic solution so that a N-methyl-2-pyrrolidone or concentration might be set to 1M) was 
evaluated. These results were shown in Table 3. 
[0058] 
[Table 3] 
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[0059] the obtained negative electrode ~ a mixture — the charge and discharge test made to discharge 
until it results in neglect final- voltage IV in discharge current 0.28 mA/cm2, after carrying out 
constant-potential charge of the charge capacity, service capacity, and irreversible capacity of the first 
time by the single electrode of an electrode by discharge current 0.28 mA/cm2 and 5mV of discharge 
voltage was performed, and the cycle property was measured by repeating this The result was shown 
in Table 4 and 5. 
[0060] 
[Table 4] 
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[0061] 
[Table 5] 
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[0062] (Production of a lithium secondary battery) 

the scale-like natural graphite whose mean particle diameter is 1 micrometer as example 19 positive 
active material considering LiCo02 as 89 % of the weight and an electric conduction agent — 8 % of 
the weight and a binder - carrying out — the non-aqueous-solvent system binder resin constituent I — 
3 % of the weight — adding — this — a N-methyl-2-pyrrolidone — adding ~ mixing — a positive 
electrode - the slurry of a mixture was adjusted the same - as the negative-electrode matter - as 95 
% of the weight of amorphous carbons of 12 micrometers of mean particle diameters, and a binder — 
the non-aqueous-solvent system binder resin constituent I — 5 % of the weight — adding — this — a N- 
methyl-2-pyrrolidone — adding — mixing — a negative electrode — the slurry of a mixture was 
obtained next, a positive electrode - thickness applied the slurry of a mixture to both sides of the 
aluminum foil which is 25 micrometers, and carried out the vacuum drying at 120 degrees C after that 
for 1 hour After the vacuum drying, pressing of the electrode was carried out with the roller press, 
and thickness was set to 190 micrometers. The positive-electrode binder coverage per unit area was 
49 mg/cm2, and width of face started it by 40mm in the size whose length is 285mm, and it produced 
the positive electrode, however, a portion with a length [ of the ends of a positive electrode ] of 
10mm - a positive electrode — a mixture was not applied, but the aluminum foil was exposed, and 
the positive-electrode tab was stuck to one of these by pressure by ultrasonic jointing 
[0063] on the other hand - a negative electrode - thickness applied the slurry of a mixture to both 
sides of the copper foil which is 10 micrometers, and carried out the vacuum drying at 120 degrees C 
after that for 1 hour After the vacuum drying, pressing of the electrode was carried out with the roller 
press, and thickness was set to 175 micrometers. The positive-electrode binder coverage per unit area 
was 20 mg/cm2, and width of face started it by 40mm in the size whose length is 290mm, and it 
produced the negative electrode, this - a positive electrode - the same — a portion with a length [ of 
the ends of a negative electrode ] of 10mm — a negative electrode — a mixture was not applied, but 
copper foil was exposed, and the negative-electrode tab was stuck to one of these by pressure by 
ultrasonic jointing As for separator, thickness used the micropore film made from polyethylene 
whose width of face is 44mm by 25 micrometers. 

[0064] Subsequently, it piled up in order of a positive electrode, separator, a negative electrode, and 
separator, this was wound, and it considered as the electrode group. This was inserted in the cell can 
of single 3 sizes, can bottom welding of the negative-electrode tab was carried out, and the 
converging section for closing a positive-electrode lid was formed. After pouring into a cell can the 
electrolytic solution which dissolved one mol /of 6 fluoride [ phosphoric-acid ] lithiums in the mixed 
solvent of the ethylene carbonate and diethyl carbonate of 1 : 1 1. by the volume ratio after this, the 
positive-electrode tab was welded to the positive-electrode lid, and the caulking lithium secondary 
battery was obtained for the positive-electrode lid after that. 

[0065] The charge-and-discharge cycle property was evaluated using the obtained lithium secondary 
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battery. Charge of the produced lithium secondary battery was charged with constant-voltage current 
until current was set to 30mA by cell-voltage 4.2V, after charging by the constant current to cell- 
voltage 4.2V with 300mA of current. Electric discharge performed constant-current discharge until it 
was set to cell-voltage 2.8V with 300mA of current. This charge-and-discharge cycle was repeated 
300 times. The service-capacity maintenance factor of the service capacity of 1 cycle eye, a 100 cycle 
eye, and a 300 cycle eye is shown in Table 6. 

[0066] Except using resin II-IV for binders for the binder of 20 to example 24 positive electrode, and 
a negative electrode, the lithium secondary battery was produced like the example 19, and the charge- 
and-discharge cycle property was evaluated like the example 19. The service-capacity maintenance 
factor of the service capacity of 1 cycle eye, a 100 cycle eye, and a 300 cycle eye is shown in Table 6. 
[0067] Except using the artificial graphite of 20 microns of mean particle diameters for an example 
25 negative-electrode active material, the lithium secondary battery was produced like the example 
19, and the charge-and-discharge cycle property was evaluated like the example 19. The service- 
capacity maintenance factor of the service capacity of 1 cycle eye, a 100 cycle eye, and a 300 cycle 
eye is shown in Table 6. 

[0068] Except using resin II-IV for binders for the binder of 26 to example 30 positive electrode, and 
a negative electrode, the lithium secondary battery was produced like the example 25, and the charge- 
and-discharge cycle property was evaluated like the example 25. The service-capacity maintenance 
factor of the service capacity of 1 cycle eye, a 100 cycle eye, and a 300 cycle eye is shown in Table 6. 
[0069] Except using a polyvinylidene-fluoride resin for the binder of example of comparison 4 
positive electrode, and using a polyvinylidene fluoride for the binder of a negative electrode 10% of 
the weight 5% of the weight, the lithium secondary battery was produced like the example 19, and the 
charge-and-discharge cycle property was evaluated like the example 19. The service-capacity 
maintenance factor of the service-capacity 100 cycle eye of 1 cycle eye and a 300 cycle eye is shown 
in Table 6. 

[0070] Except using a polyvinylidene fluoride for the binder of example of comparison 5 positive 
electrode, and using a polyvinylidene fluoride for the binder of a negative electrode 10% of the 
weight 5% of the weight, the lithium secondary battery was produced like the example 25, and the 
charge-and-discharge cycle property was evaluated like the example 25. The service-capacity 
maintenance factor of the service capacity of 1 cycle eye, a 100 cycle eye, and a 300 cycle eye is 
shown in Table 6. 
[0071] 
[Table 6] 
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[0072] 

[Effect of the Invention] A non-aqueous-solvent system binder constituent according to claim 1 is 
excellent in an adhesive property, flexibility, and electrolytic-solution-proof nature, and very useful to 
the electrode of a non-aqueous-solvent system rechargeable battery. In addition to an effect of the 
invention according to claim 1, a non-aqueous-solvent system binder constituent according to claim 2 
is further excellent in an adhesive property and thermal resistance, and very useful to the electrode of 
a non-aqueous-solvent system rechargeable battery. A non-aqueous-solvent system binder constituent 
according to claim 3 does so an effect of the invention according to claim 1 or 2, and thermal 
resistance is further excellent, and it is very useful to the electrode of a non-aqueous-solvent system 
rechargeable battery. 

[0073] A non-aqueous-solvent system binder constituent according to claim 4 does so an effect of the 
invention according to claim 1, 2, or 3, and thermal resistance and electrolytic-solution-proof nature 
are further excellent, and it is very useful to the electrode of a non-aqueous-solvent system 
rechargeable battery. A non-aqueous-solvent system binder constituent according to claim 5 does so 
an effect of the invention according to claim 4, and thermal resistance and electrolytic-solution-proof 
nature are further excellent, and it is very useful to the electrode of a non-aqueous-solvent system 
rechargeable battery. The manufacturing method of an electrode according to claim 6 is excellent in 
the cycle-life property when making it an adhesive property, flexibility, electrolytic-solution-proof 
nature, and a cell, and the adhesive property under an elevated temperature, and very useful to a non- 
aqueous-solvent system rechargeable battery. 

[0074] The manufacturing method of an electrode according to claim 7 does so an effect of the 
invention according to claim 6, and the cycle-life property when making it a cell further is excellent, 
and it is very useful to a non-aqueous-solvent system rechargeable battery. The manufacturing 
method of an electrode according to claim 8 does so an effect of the invention according to claim 7, 
and the cycle-life property when making it a cell further is excellent, and it is very useful to a non- 
aqueous-solvent system rechargeable battery. 

[0075] An electrode according to claim 9 is excellent in the cycle-life property when making it an 
adhesive property, flexibility, electrolytic-solution-proof nature, and a cell, and the adhesive property 
under an elevated temperature, can be effective in increase in quantity of an active material, and can 
increase a volume energy density. The manufacturing method of a non-aqueous-solvent system 
rechargeable battery according to claim 10 is excellent in a cycle-life property, electrolytic-solution- 
proof nature, and the adhesive property under an elevated temperature, can be effective in increase in 
quantity of an active material, can increase a volume energy density, is small, and is high. [ of safety ] 
[ of burst / explosion danger ] 
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1 . This document has been translated by computer.So the translation may not reflect the original 
precisely! 

2 * * * * shows the word which can not be translated. 

3 in the drawings, any words are not translated. 



TECHNICAL FIELD 

[The technical field to which invention belongs] this invention relates to a non-aqueous-solvent 
system binder constituent, the manufacturing method of an electrode, an electrode, and a non- 
aqueous-solvent system rechargeable battery. 
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PRIOR ART 

[Description of the Prior Art] By progress of electronic technology* the performance of electronic 
equipment improves, small and portable-ization progress, and a cell of high-energy density is desired 
as a power supply. As a conventional rechargeable battery, although a lead accumulator, nickel, and a 
cadmium cell are mentioned, it is still inadequate in that a cell with a high energy density is obtained. 
Then, as what is replaced with these cells, the organic electrolytic-solution rechargeable battery (it is 
described as a lithium secondary battery below) of high-energy density is developed, and it has spread 
quickly. 

[0003] After a carbon material with little fear of the deposit of flexibility and a lithium which 
occlusion discharge of a lithium was possible for and was excellent is used for a negative electrode in 
lithium compound metallic oxides, such as a lithium cobalt multiple oxide, in a positive electrode, 
and a lithium secondary battery carries out the double spread of what the N-methyl-2-pyrrolidone 
(NMP) was made to distribute these and a binder resin, and was made into the slurry on the metallic 
foil which is a charge collector and dries a solvent, it is pressed with a roller-press machine. Positive 
and the negative-electrode board have been obtained. Many polyvinylidene fluorides (PVDF) are 
mainly used as a binder. 

[0004] However, since adhesion of the interface of a charge collector and a binder layer and the 
adhesion between binder layers are inferior when a polyvinylidene fluoride is used as a binder, at the 
time of manufacturing processes, such as a decision process, a winding process, etc. of a plate, some 
mixtures exfoliate and are omitted from a charge collector, and it becomes a very small short circuit 
and the cause of cell capacity dispersion. Moreover, in order to expand and contract especially the 
carbon material of a negative electrode by repeating charge and discharge, there was a problem that a 
mixture exfoliates and is omitted from a charge collector, or the ununiformity of decline in current 
collection efficiency and a reaction with a lithium arose, and cell capacity fell gradually by the fall of 
adhesion between mixtures. 

[0005] The monomer and unsaturation dibasicity monoester which furthermore make the fluoride 
vinylidene of a publication a principal component at JP,6- 172452, A are copolymerized. When using 
the obtained fluoride vinylidene system copolymer as a binder, although the adhesion intensity with a 
charge collector improved, the abnormal-temperature elevation under the high voltage decomposed, 
hydrogen fluoride was generated, and it reacted with the lithium intercalation compound (GIC) of a 
negative-electrode board front face, or the depositing metal lithium, carried out unusual generation of 
heat, and had a possibility that a cell might explode and explode. 

[0006] The proposal which uses thermoplastics, such as polyimide resin given in synthetic rubber and 
JP,6-163031,A containing styrene-butadiene-rubber (SBR) system synthetic rubber given in JP,5- 
74461,A and diene system rubber given in JP,9-87571,A, as binders other than fluororesins, such as a 
polyvinylidene fluoride, is made. However, it dissolves to the electrolytic solution, or these are 
swollen greatly, and cannot maintain adhesion of the interface of a charge collector and a binder 
layer, and adhesion between binder layers for a long period of time. Moreover, in case the electrode 
which flexibility was low and produced is wound even if it forms a binder layer when using 
polyimide resin, the crack of a binder layer and ablation arise and capacity is reduced. Although it has 
electrolytic-solution-proof nature, uniform distribution of an active material, a binder, etc. is very 
difficult, a cellulose, a surfactant, etc. need to be added, these dissolve in the electrolytic solution, and 
diene system synthetic rubber, such as styrene butadiene rubber, reduces the charge-and-discharge 
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EFFECT OF THE INVENTION 

[Effect of the Invention] A non-aqueous-solvent system binder constituent according to claim 1 is 
excellent in an adhesive property, flexibility, and electrolytic-solution-proof nature, and very useful to 
the electrode of a non-aqueous-solvent system rechargeable battery. In addition to an effect of the 
invention according to claim 1, a non-aqueous-solvent system binder constituent according to claim 2 
is further excellent in an adhesive property and thermal resistance, and very useful to the electrode of 
a non-aqueous-solvent system rechargeable battery. A non-aqueous-solvent system binder constituent 
according to claim 3 does so an effect of the invention according to claim 1 or 2, and thermal 
resistance is further excellent, and it is very useful to the electrode of a non-aqueous-solvent system 
rechargeable battery. 

[0073] A non-aqueous-solvent system binder constituent according to claim 4 does so an effect of the 
invention according to claim 1, 2, or 3, and thermal resistance and electrolytic-solution-proof nature 
are further excellent, and it is very useful to the electrode of a non-aqueous-solvent system 
rechargeable battery. A non-aqueous-solvent system binder constituent according to claim 5 does so 
an effect of the invention according to claim 4, and thermal resistance and electrolytic-solution-proof 
nature are further excellent, and it is very useful to the electrode of a non-aqueous-solvent system 
rechargeable battery. The manufacturing method of an electrode according to claim 6 is excellent in 
the cycle-life property when making it an adhesive property, flexibility, electrolytic-solution-proof 
nature, and a cell, and the adhesive property under an elevated temperature, and very useful to a non- 
aqueous-solvent system rechargeable battery. 

[0074] The manufacturing method of an electrode according to claim 7 does so an effect of the 
invention according to claim 6, and the cycle-life property when making it a cell further is excellent, 
and it is very useful to a non-aqueous-solvent system rechargeable battery. The manufacturing 
method of an electrode according to claim 8 does so an effect of the invention according to claim 7, 
and the cycle-life property when making it a cell further is excellent, and it is very useful to a non- 
aqueous-solvent system rechargeable battery. 

[0075] An electrode according to claim 9 is excellent in the cycle-life property when making it an 
adhesive property, flexibility, electrolytic-solution-proof nature, and a cell, and the adhesive property 
under an elevated temperature, can be effective in increase in quantity of an active material, and can 
increase a volume energy density. The manufacturing method of a non-aqueous-solvent system 
rechargeable battery according to claim 10 is excellent in a cycle-life property, electrolytic-solution- 
proof nature, and the adhesive property under an elevated temperature, can be effective in increase in 
quantity of an active material, can increase a volume energy density, is small, and is high. [ of safety ] 
[ of rupture and explosion risk ] 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] Invention according to claim 1 is excellent in an adhesive 
property, flexibility, and electrolytic-solution-proof nature, and provides the electrode of a non- 
aqueous-solvent system rechargeable battery with a very useful non-aqueous-solvent system binder 
constituent. In addition to an effect of the invention according to claim 1, invention according to 
claim 2 is further excellent in an adhesive property and thermal resistance, and provides the electrode 
of a non-aqueous-solvent system rechargeable battery with a very useful non-aqueous-solvent system 
binder constituent. Invention according to claim 3 does so an effect of the invention according to 
claim 1 or 2, and thermal resistance is further excellent, and it provides the electrode of a non- 
aqueous-solvent system rechargeable battery with a very useful non-aqueous-solvent system binder 
constituent. 

[0008] Invention according to claim 4 does so an effect of the invention according to claim 1 , 2, or 3, 
and thermal resistance and electrolytic-solution-proof nature are further excellent* and it provides the 
electrode of a non-aqueous-solvent system rechargeable battery with a very useful non-aqueous- 
solvent system binder constituent. Invention according to claim 5 does so an effect of the invention 
according to claim 4, and thermal resistance and electrolytic-solution-proof nature are further 
excellent, and it provides the electrode of a non-aqueous-solvent system rechargeable battery with a 
very useful non-aqueous-solvent system binder constituent. Invention according to claim 6 is 
excellent in the cycle-life property when making it an adhesive property, flexibility, electrolytic- 
solution-proof nature, and a cell* and the adhesive property under an elevated temperature, and 
provides a non-aqueous-solvent system rechargeable battery with the manufacturing method of a very 
useful electrode. 

[0009] invention according to claim 7 does so an effect of the invention according to claim 6, and the 
cycle-life property when making it a cell further is excellent* and it provides a non-aqueous-solvent 
** rechargeable battery with the manufacturing method of a very useful electrode invention according 
to claim 8 does so an effect of the invention according to claim 7, and the cycle-life property when 
making it a cell further is excellent, and it provides a non-aqueous-solvent ** rechargeable battery 
with the manufacturing method of a very useful electrode 

[0010] Invention according to claim 9 is excellent in the cycle-life property when making it an 
adhesive property, flexibility, electrolytic-solution-proof nature, and a cell, and the adhesive property 
under an elevated temperature, is effective in increase in quantity of an active material, and offers the 
electrode which can increase a volume energy density. Invention according to claim 10 is excellent in 
a cycle-life property, electrolytic-solution-proof nature, and the adhesive property under an elevated 
temperature, it can be effective in increase in quantity of an active material, and a volume energy 
density can be increased, burst / explosion danger is small and safety offers the manufacturing 
method of a high non-aqueous-solvent system rechargeable battery. 
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MEANS. 

[Means for Solving the Problem] this invention relates to the non-aqueous-solvent system binder 
constituent which made the non-aqueous solvent dissolve or distribute (A) siloxane denaturation 
polyamidoimide resin. Moreover, this invention relates to the aforementioned non-aqueous-solvent 
system binder constituent whose siloxane denaturation polyamidoimide resin of the (A) component is 
a siloxane denaturation polyamidoimide resin which mixture, a multiple-valued carboxylic acid, or 
diisocyanate with a siloxane diamine, an aromatic diamine, or an aliphatic diamine is made to react, 
and is obtained. 

[0012] Moreover, this invention is a general formula (1) from which the siloxane denaturation 
polyamidoimide resin of the (A) component makes mixture and trimellitic anhydride with a siloxane 
diamine, an aromatic diamine, or an aliphatic diamine react, and is obtained. 
[Formula 3] 

The inside of [formula, and Rl . [Formula 41 

if \_f 

\ /n ^7 



(-- the inside of a formula, and R2 and R3 - each ~ an independently divalent organic machine --. 
being shown - R4, R5, R6, and R7 - each - the alkyl group of carbon numbers 1-20 and the aiyl 
group of carbon numbers 6-18 are shown independently, and n is the integer of 1-50 - it is related 
with the aforementioned non-aqueous-solvent system binder constituent which is the siloxane 
denaturation polyamidoimide resin which diisocyanate is made to react to the reactant containing the 
diimide dicarboxylic acid shown 

[0013] Moreover, this invention relates to the aforementioned non-aqueous-solvent system binder 
constituent which made the non-aqueous solvent dissolve or distribute (B) thermosetting resin 
further. Moreover, this invention relates to the aforementioned non-aqueous-solvent system binder 
constituent whose thermosetting resin of the (B) component is an epoxy resin which has two or more 
glycidyl groups. Moreover, this invention mixes the aforementioned non-aqueous-solvent system 
binder constituent and an active material, and relates to the manufacturing method of the electrode 
characterized by removing a non-aqueous solvent after applying to an electrode base front face. 
[0014] Moreover, this invention relates to the manufacturing method of the aforementioned electrode 
whose active material is the transition-metals oxide which can insert or emit a lithium ion in 
reversible by charge and discharge. Moreover, this invention relates to the manufacturing method of 
the aforementioned electrode which is the lithium manganese multiple oxide a transition-metals oxide 
is indicated to be by the general formula LixMny02 (the range of x is 0.2<=x<=2.5, and the range of 
yis0.8<=y<=1.25). 

[0015] Moreover, this invention relates to the electrode manufactured according to the manufacturing 
method of the aforementioned electrode. Moreover, this invention relates to the non-aqueous-solvent 
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system rechargeable battery which used the aforementioned electrode for one [ at least ] pole of a 

non-aqueous-solvent system rechargeable battery. 

[0016] 

[Embodiments of the Invention] The non-aqueous-solvent system binder constituent of this invention 
needs to make a non-aqueous solvent dissolve or distribute (A) siloxane denaturation 
polyamidoimide resin. 

[0017] The mole ratio of the number of sum total mols of the mixture (**/**=50/50 - 1 00 / 0 mole 
ratios) of for example* ** siloxane diamine, ** aromatic diamine* or an aliphatic diamine* a multiple- 
valued carboxylic acid* or diisocyanate can make the siloxane denaturation polyamidoimide resin 
(above-mentioned [ A ]) able to react by 1 / 2.20 - 1/2.05* and can obtain it. As for the mole ratio of 
the above-mentioned **/**^ it is desirable that it is 50 / 50 -. 100/0* and it is more desirable that it is 
70 / 30 - 100/0. There is an inclination for an adhesive property to fall [ this mole ratio ] less than by 
50/50. 

[0018] As for the mole ratio of the number of sum total mols of the mixture of the aforementioned ** 
, siloxane diamine* * * aromatic diamine* or an aliphatic diamine* a multiple-valued carboxylic acid* or. 
diisocyanate* it is desirable that it is 1 / 2.20 - 1/2.05* and it is more desirable that it is 1/2.15. - 
1/2.10. When there is an inclination for an adhesive property to fall [ this mole ratio ] less than by 
1/2.20 and 1/2.05 is exceeded* there is an inclination for thermal resistance to fall. 
[001 9] Moreover* as for the siloxane denaturation polyamidoimide resin (aforementioned [ A ])* it is 
desirable that it is the siloxane denaturation polyamidoimide resin which diisocyanate is made to 
react to the reactant containing the diimide dicarboxylic acid shown by the general formula (1) which 
mixture and trimellitic anhydride with a siloxane diamine* an aromatic diamine* or an aliphatic 
diamine are made to react* and is obtained* and is obtained. 

[0020] As a divalent organic machine* arylene machines* such as alkylene machines* such as a 
methylene group* an ethylene* and a propylene machine* a phenylene group* a tolylene machine* and a 
xylylene machine* etc. are mentioned among the aforementioned general formula (1)* for example. As 
an alkyl group of carbon numbers 1-20* among the aforementioned general formula (1) For example* 
a methyl group* an ethyl group* n-propyl group* an isopropyl machine* n-butyl* An isobutyl machine* 
a sec-butyl* a tert-butyl* a pentyl machine, An isopentyl machine* a neopentyl machine* a hexyl 
machine* a heptyl machine* an octyl machine* A nonyl machine* a decyl group* a undecyl machine, 
the dodecyl* a tridecyl machine* a tetradecyl machine* a pentadecyl group* a hexadecyl machine* a 
heptadecyl machine* an octadecyl machine* a nona decyl group, icosyl groups* these structural 
isomers, etc. are mentioned. Among the aforementioned general formula (1)* as an aryl group of 
carbon numbers 6-1 8, a phenyl group* a tolyl group* a xylyl group* a biphenyl machine* a naphthyl 
group* an anthryl machine* a phenan tolyl group* etc. may be mentioned* and it may be replaced by a 
halogen atom, the amino group, a nitro group* the cyano group, the sulfhydryl group, the allyl group, 
the alkyl group of carbon numbers 1-20, etc., for example. 

[0021] As for the mole ratio of the siloxane diamine for obtaining the diimide dicarboxylic acid 
shown by the aforementioned general formula (1), and trimellitic anhydride, it is desirable that it is 1 / 
2.20 - 1/2.05, and it is more desirable that it is 1 / 2.15 - 1/2.10. Subsequently, the diimide 
dicarboxylic acid and diisocyanate which are shown by the aforementioned general formula (1) are 
made to react by the mole ratio 1 / 1 .50 - 1/1 .05, things are desirable, and it is more desirable to make 
it react by 1/1.35 - 1/1.20. 

[0022] As the aforementioned siloxane diamine, it is a general formula (2), for example. 
[Formulas] 




What is expressed with (R8 and R9 show a divalent organic machine independently respectively 
among a formula, R10, Rl 1, R12, and R13 show the alkyl group of carbon numbers 1-20 and the aryl 
group of carbon numbers 6-18 independently respectively, and n is the integer of 1 -50) is used. 
[0023] As such a siloxane diamine, it is the following formula. [Formula 6] 

http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje ... 6/3/2003 



Page 3 of 7 



H»N — CHaCHjCHa 




Si — CH2CH2CH2 — NH2 




Si— CHjCHjCHa — NHj 



HjN — CHaCHjCHj 



Si— O 




H a C CH, 




H2N 



NH Z 



What is shown for the (inside of a formula and n to be the integers) of 1 -50 is mentioned. 
[0024] Amino denaturation silicone-oil X-22-161AS which is a siloxane system both-ends amine also 
in these as an available thing commercially, for example (the amine equivalent 450, tradename by 
Shin-Etsu Chemical Co., Ltd.), X-22-161 A (the amine equivalent 840, tradename by Shin-Etsu 
Chemical Co., Ltd.), X-22-161B (the amine equivalent 1500, tradename by Shin-Etsu Chemical Co., 
Ltd.), BY 16-853 (the amine equivalent 650, Dow Corning Toray Silicone tradename), BY16-853B 
(the amine equivalent 2200, Dow Corning Toray Silicone tradename)^ etc. are mentioned, a siloxane 
diamine - the inside of a diamine from the point of an adhesive property and flexibility - more than 
50mol%- using is desirable These are independent or are used combining two or more kinds. 
[0025] As the aforementioned aromatic diariiine, for example 0-phenylenediamine,m- 
phenylenediamine, p-phenylene diamine, 3, and 3'-diamino diphenyl-ether, 4, and 4'-(hamino 
diphehyl-ether, 3, 4 -diamine diphenyl-ether, 3, and 3-diamino diphenyl difluoromethane, 4, A 4 - 
diamirio diphenyl fluoro methane, 3, and S'-diaminodiphenyl-sulfone, 3, 4 , -diaminodiphenyl-sulfone, 
4, and ^-diaminodiphenyl-sulfone, 3, and 3'-&amino diphenyl sulfide, 3, a 4'-diamino diphenyl 
sulfide, 4, 4'-diamino diphenyl sulfide, 3, arid 3'-diamino diphenyl-ketone, 3, 4'-diamino diphenyl- 
ketone, 4, and 4-diamino diphenyl SURUKETON, 2, and 2-screw (3-aminophenyl) propane, 2, and 
2-(3, 4'-diamino diphenyl) propane, 2 and 2- Hexafluoro propane, 2, and 2-screw (4-aminophenyl) 
hexafluoro propane, 1 , 3-screw (3 -amino phenoxy) benzene 1 , 4-screw (4-amino phenoxy) benzene, 
3, 3*-[l, 4-phenylene screw (3, 4'-diamino diphenyl) ] screw aniline, 3, 4'-[l and 4-phenylene screw 
(1 -methyl ethylidene)] screw aniline, 4, and 4'-[l and 4-phenylene screw (1 -methyl ethylidene)] screw 
aniline, 2, and 2-screw [4- (1 -methyl ethylidene) A phenyl] propane, 2, (3-amino phenoxy) 2-screw 
[4- Phenyl] propane, 2, and 2-screw [4-(3 -amino phenoxy) phenyl] hexafluoro propane, 2, and 2- 
screw [4-(4-amino phenoxy) phenyl] hexafluoro propane, screw [4- (4-amino phenoxy) (3-amino 
phenoxy) A phenyl] sulfide, a screw [4-(3-amino phenoxy) phenyl] sulfone, a screw [4-(4-amino 
phenoxy) phenyl] sulfone, etc. are mentioned. It is desirable that it is what has three or more aromatic 
rings also in these. These are independent or are used combining two or more kinds. 
[0026] As the aforementioned aliphatic diamine, there are an alkylene diamine, a polyoxyalkylene 
diamine, etc., for example. Moreover, heterocycle formula diamines, such as alicyclic diamines [, 
such as isophorone diamine, 4 and 4'-dicyclohexyl methanediamine, ], 3, and 9-screw (3- 
aminopropyl)-SUPIRO [ 2, 4, 8, and 10-tetrapod ] [5, 5] undecane, etc. are mentioned. These are 
independent or are used combining two or more kinds. As for the ratio of an aromatic diamine and an 
aliphatic diamine, it is desirable to use from a heat-resistant point at 20 or less % of the weight to the 
total quantity of an aromatic diamine / aliphatic diamine. 

[0027] As the aforementioned multiple-valued carboxylic acid, for example Oxalic acid, a malonic 
acid, a succinic acid, A glutaric acid, an adipic acid, a pimelic acid, an azelaic acid, a sebacic acid, 
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ARUKIRENTE-Tell joint content dicarboxylic acids, such as dodecane 2 acid and eicosane 2 acid, 
Aliphatic dicarboxylic acids, such as an alkylene carbonate joint content dicarboxylic acid and a 
butadiene joint content dicarboxylic acid, Aromatic dicarboxylic acids, such as a phthalic acid, an 
isophthalic acid, a terephthalic acid, and a naphthalene dicarboxylic acid, Butane - 1 , 2, 4- 
tricarboxylic acid, naphthalene -1,2, 4-tricarboxylic acid, Tricarboxylic acids, such as trimellitic 
acid, butane - 1, 2, 3, 4-tetracarboxylic acid, Pyromellitic acid, benzophenone -3, 3 f , 4, and 4- 
tetracarboxylic acid, Tricarboxylic acids, such as diphenyl-ether -3, 3*, 4, and 4'-tetracarboxylic acid, 
Biphenyl -3, 3*, 4, and 4 f -tetracarboxylic acid, naphthalene [ - Carboxylic acids, such as 1, 2 5, and 8- 
tetracarboxylic acid, an anhydrous TORIMETTO acid etc. are mentioned. ] - 2, 3, 6, 7-tetracarboxylic 
acid, naphthalene -1,2, 4, 5-tetracarboxylic acid, naphthalene As for an aliphatic dicarboxylic acid, it 
is desirable to use less than [ 20 mol % ] in a multiple-valued carboxylic acid from a heat-resistant 
point. These are independent or are used combining two or more kinds. 
[0028] As the aforementioned aromatic diisocyanate, for example 4 and 4 , -diphenylmethane 
diisocyanate (It abbreviates to MDI hereafter), 2, 4-tolylene diisocyanate, 2, 6-tolylene diisocyanate, 
1 , 5-naphthalene diisocyanate, tolidine di-isocyanate, p-phenyl diisocyanate, 4-4- 
diphenyletherdiisocyanate, Aromatic diisocyanate, such as m-xylylene diisocyanate and m- 
tetramethyl xylylene diisocyanate, 1 , 6-hexamethylene di-isocyanate, 2 and 2, 4- 
trimethylhexamethylene JIISHI cyanate, Cycloaliphatic diisocyanate, such as aliphatic diisocyanate [, 
such as 2, 4, and 4-trimethylhexamethylene JIISHI cyanate, ], isophorone diisocyanate, 4, and 4 - 
dicyclohexylmethane diisocyanate, etc. is mentioned. As for aliphatic diisocyanate, it is desirable: to 
use less than [ 10 mol % ] from a heat-resistant point. These are independent or are used combining 
two or more kinds. 

[0029] The siloxane denaturation polyamidoimide resin of the (A) component used by this invention 
For example, mixture ((I)/(II) =0. 1/99.9 - 99.9 / 0.1 mole ratios) and trimellitic anhydride of an 
aromatic diamine or an aliphatic diamine (I), and a siloxane diamine (II) The number of sum total 
mols of ((T)+ (II)) and the mole ratio of TMA (it abbreviates to TMA hereafter) by 1 / 2.20 - 1/2.05 
under existence of a non-proton nature polar solvent Make it react at about 50-90 degrees C for about 
0.2 to 1 .5 hours, and the aromatic hydrocarbon in which water and azeotropy are still more possible is 
supplied by about 0.1 - 0.5% of the weight of the non-proton nature polar solvent. React at 120-180 
degrees C, and the mixture containing siloxane diimide dicarboxylic acid is manufactured. This and 
aromatic diisocyanate (III) can be manufactured at reacting at about 1 50-250 degrees C for about 0.5 
to 3 hours (/(HI) =1/1 .50 - 1 / 1 .05 mole ratios) ((I) +. (II)). Moreover, after manufacturing aromatic 
diimide dicarboxylic acid, an aromatic hydrocarbon can be removed from the solution by making the 
solution into about 1 50-250 degrees C, and it can also manufacture by performing the reaction of this 
and aromatic diisocyanate. Moreover, as for a siloxane denaturation polyamidoimide resin, it is 
desirable that it is a varnish containing a non-proton nature polar solvent. 

[0030] It is desirable that they are a siloxane diamine and TMA, and the organic solvent that does not 
react as the aforementioned non-proton nature polar solvent, for example, in order to mention a 
dimethylacetamide, a dimethylformamide, dimethyl sulfoxide, a N-methyl-2-pyrrolidone, gamma- 
butyrolactone, a sulfolane, a cyclohexanone, etc. and for an imide-ized reaction to take an elevated 
temperature, especially a N-methyl-2-pyrrolidone with the high boiling point is desirable. Since a 
reaction does not fully advance but the moisture content contained in the above-mentioned non- 
proton nature polar solvent causes [ of a polymer ] a molecular weight fall by the trimellitic acid 
which TMA hydrates and generates, it is desirable to be managed at 0.2 or less % of the weight. 
Moreover, although not restricted, that the solubility of TMA falls and it becomes impossible to 
perform sufficient reaction when there are many rates of a weight with which a siloxane diamine and 
TMA were doubled, and since it is conversely disadvantageous as a low and a industrial 
manufacturing method, a bird clapper is desirable [ especially the non-proton nature polar solvent 
used by this invention ] in 10 - 70% of the weight of the range. These are independent or are used 
combining two or more kinds. 

[003 1] As for the weight average molecular weight of (A) siloxane denaturation polyamidoimide 
resin of this invention, it is desirable that it is 30,000-100,000 from the balance of a property, and it is 
more desirable that it is 45,000-85,000. When there is an inclination for thermal resistance to fall 
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[ this weight average molecular weight ] less than by 30,000 and 100,000 is exceeded, there is an 
inclination for an adhesive property to fall. In this invention, weight average molecular weight is 
measured using the calibration curve by standard polystyrene by the gel permeation chromatography 
method (GPC). 

[0032] The non-aqueous-solvent system binder constituent of this invention can be made to contain 
(B) thermosetting resin if needed. As the above-mentioned thermosetting resin, an epoxy resin, 
phenol resin, polyester resin, polyimide resin, a bismaleimide triazine resin, etc. are mentioned, for 
example. 

[0033] Especially the epoxy resin from the point of an adhesive property and handling nature is 
desirable, as the above-mentioned epoxy resin For example, the bisphenol A type epoxy resin, a 
bisphenol female mold epoxy resin, A bisphenol S type epoxy resin, a phenol novolak type epoxy 
resin, A cresol novolak type epoxy resin, a naphthalene type epoxy resin, and its denaturation object, 
BKISHIRE nil diglycidyl ether, YDC1 3 12 (Tohto Kasei make), TMH574 (Sumitomo Chemical 
make), Epicoat 103 IS (product made from oil-ized shell), Aromatic system epoxy resins, such as 
EPOTOTO 8 125 (tradename by Tohto Kasei Co., Ltd.), Neopentyl glycol diglycidyl ether, 
polypropylene glycol diglycidyl ether, Heterocycle formula epoxy compounds, such as aliphatic 
system epoxy resins, such as tetrahydrophtal acid diglycidyl ester, and a triglycidyl isocyanate, 
EPOLEAD PB3600 (tradename made from Die Cell Chemistry), etc. are mentioned. 
[0034] In these, it is desirable to use the epoxy resin which has two or more glycidyl groups, and its 
hardening accelerator. Moreover, a glycidyl group is so good that there are, and if it is three or more 
pieces, it is still more desirable. [ many ] Loadings change with number of glycidyl groups, and the 
loadings to a silicone denaturation polyamidoimide resin are so good that there are many glycidyl 
groups at least. Moreover, it is still more desirable if the curing agent of an epoxy resin is used 
together. These are independent or are used combining two 

[0035] As for the loadings of the epoxy resin used by this invention, it is desirable that it is the 5 - 
1 00 weight section to an adhesive property, flexibility, and a heat-resistant point to the (A) 
component 100 weight section, and it is more desirable that it is 10 - 50 weight section. When there is 
an inclination for electrolytic-solution-proof nature with these loadings sufficient in under 5 weight 
sections not to be obtained and the 1 00 weight sections are exceeded, there is an inclination for a 
sufficient adhesive property and sufficient flexibility not to be obtained. 

[003 6] As the curing agent or hardening accelerator of the aforementioned epoxy resin, in an epoxy : 
resin, the thing which reacts, or hardening, if it is a promotion ****** thing, what thing may be used, 
for example, amines, imidazole derivatives, polyfunctional phenols, and acid anhydrides will be 
mentioned. As the above-mentioned amines, a dicyandiamide, a diamino diphenylmethane, a 
guanylurea, etc. are mentioned, for example. As the above-mentioned imidazole derivatives, alkyl 
group substitution imidazoles, such as a 2-ethyl-4-methyl imidazole, a benzimidazole, etc. are 
mentioned, for example. As the above-mentioned polyfiinctional phenols, novolak phenol type 
phenol resin, resol type phenol resin, etc. which are a hydroquinone, a resorcinol, bisphenol A and 
these halogenated compounds, and the addition condensation object of the aforementioned 
polyfunctional phenols and formaldehyde are mentioned, for example. As the above-mentioned acid 
anhydrides, phthalic anhydride, a benzophenone tetracarboxylic acid dihydrate, methyl himic acid, 
etc. are mentioned, for example. Among these, as a hardening accelerator, especially the thing for 
which imidazole derivatives are used is desirable. 

[0037] In the case of amines, the initial complement of these curing agents or a hardening accelerator 
has the desirable amount to which the equivalent of the active hydrogen of an amine and the weight 
per epoxy equivalent of an epoxy resin become almost equal. In the case of an imidazole, it does not 
become equivalent ratio with active hydrogen simply, but it is [ 0.1 - 10.0 weight section ] 
experientially necessary to the epoxy resin 100 weight section. In the case of polyfunctional phenols, 
0.6 to 1 .2 hydroxyl equivalent is required to lEq of epoxy groups of an epoxy resin. Since a non- 
hardened epoxy resin remains if there are few amounts of these curing agents or a hardening 
accelerator, an adhesive property falls, and since an unreacted curing agent and an unreacted 
hardening accelerator remain if many [ too ], electrolytic-solution-proof nature falls. These are 
independent or are used combining two or more kinds. 
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[0038] In this invention, a non-aqueous solvent is made to dissolve or distribute these constituents so 
that a solid content may become about 10 30% of the weight, and it considers as a non-aqueous- 
solvent system binder constituent As the above-mentioned non-aqueous solvent, if solubility is 
acquired* what thing may be used and a dimethylacetamide, a dimethylformamide, dimethyl 
sulfoxide* a N-methyl-2-pyrrolidone, gamma-butyrolactone, a sulfolane, a cyclohexanone, etc. will be 
mentioned* for example. These are independent or are used combining two or more kinds. 
[0039] The non-aqueous-solvent system binder constituent and active material of this invention can 
be mixed* it can apply to an electrode base front face* and an electrode can be manufactured by 
removing a polar non-aqueous solvent As the above-mentioned electrode base* aluminum, copper, 
etc. are mentioned* for example. 

[0040] Although a well-known thing can be used as the above-mentioned active material* for 
example* the end of a carbon powder* such as an amorphous carbon and an artificial graphite* etc. is 
mentioned* it is desirable that it is the transition-metals oxide which can insert or emit a lithium ion 
in reversible* and lithium manganese multiple oxides* such as lithium nickel multiple oxides* such as 
lithium cobalt multiple oxides* such as a cobalt acid lithium* and a nickel acid lithium* and a 
manganic acid lithium, such mixture* etc. are mentioned as these examples* for example. 
[0041] In the above-mentioned lithium nickel multiple oxide* the lithium nickel multiple oxide which 
replaced the nickel site or the lithium site with at least one or more sorts of metals chosen from 
aluminum, V, Cr, Fe, Co, Sr, Mo, W, Mn, B, Mg, etc. is sufficient Also in the above-mentioned 
lithium manganese multiple oxide, the lithium manganese multiple oxide which replaced the 
manganese site or the lithium site with at least one or more sorts of metals chosen from Li, 
aluminum, V, Cr, Fe, Co, nickel, Mo, W, Zn, B, and Mg is sufficient. 
[0042] As for the above-mentioned lithium manganese multiple oxide, it is desirable that it is 
LixMny02. As for Above x, it is desirable that it is the range of 0.2<=x<=2.5, and it is [ Above y ] 
desirable that it is 0.8<=y<=l .25. The amount of Mn eluted from a positive active material since a 
non-aqueous-solvent system binder constituent exists so that a part of particle front face of a lithium 
manganese multiple oxide may be worn when manufacturing a non-aqueous-solvent system 
rechargeable battery, using the above-mentioned lithium manganese multiple oxide as a positive 
active material can be reduced, the electronic-conduction nature of a positive electrode is secured, 
and since degradation of the negative electrode by Mn eluted in one side can also be suppressed, the 
organic electrolytic-solution rechargeable battery which has improved the cell capacity fall by the 
charge-and-discharge cycle can obtain. 

[0043] Although especially a limit does not have a non-aqueous-solvent system rechargeable battery 
using the above-mentioned electrode For example, it winds through the separator which consists of a 
polyethylene fine porous membrane etc. Produce a spiral-like winding group, insert this winding 
group in a cell can, and the nickel tab terminal beforehand welded to the copper foil of a negative- 
electrode charge collector is welded to a battery can bottome. The electrolytic solution is put into the 
obtained cell container, and the aluminum tab terminal beforehand welded to the aluminum foil of a 
positive-electrode charge collector is welded to a lid, and a lid can be arranged in the upper part of a 
cell can through an insulating gasket, and it can carry out sealing etc. and can manufacture. 
[0044] As the above-mentioned electrolytic solution, for example, organic solvents, such as 
carbonate, ester, ether, ketones, lactone, nitril, amines, amides, sulfur compounds, chlorinated 
hydrocarbons, and sulfolane system compounds, are mentioned, and independent or two or more 
kinds of mixed solvents, such as propylene carbonate, ethylene carbonate, 1, 2-dimethoxyethane, 1, 
2-diethoxy ethane, diethyl carbonate, gamma-butyrolactone, a tetrahydrofuran, diethylether, a 
sulfolane, an acetonitrile, dimethyl carbonate, and a N-methyl-2-pyrrolidone, are desirable As the 
above-mentioned electrolyte, LiC104, LiPF6, LiPF4, LiBF4, LiCl* LiBr, CH3S03Li, and LiAsF6 
grade are mentioned, for example. 

[0045] The electrode of this invention is excellent in the adhesion of the binder layer containing an 
active material, and the metallic foil which is an electrode base, excellent in electrolytic-solution- 
proof nature and thermal resistance, and even if used under an elevated temperature, it can maintain 
an electrode base, a binder layer, and the adhesion intensity between binder layers for a long period of 
time, if an electrode base, a binder layer, and the adhesion intensity between binder layers improve — 
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a mixture --. the addition of an inner non-aqueous-solvent system binder constituent can be reduced, it 
is possible to, increase the amount of active materials as a result, and the cell using this electrode can 
increase a volume energy density Since the cell using the electrode which maintained an electrode 
base,, a binder layer, and the adhesion intensity between binder layers for a long period of time can 
maintain an electrode base, a binder layer, and the electric conduction network between binder layers 
and can perform a charge reaction and an electric discharge reaction uniformly even if it repeats 
charge and discharge, its cycle-life property can also improve. 



[Translation done.] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



EXAMPLE 



[Example] Hereafter, this invention is explained in detail based on an example. In addition, unless it 
refuses especially among an example, the section and % show weight section and weight %, 
respectively. 

[0047] (Composition of a siloxane conversion polyamidoimide resin) with [ which connected the 
reflux condenser ] a cock ~ the 11. separable flask equipped with the 25ml moisture fixed quantity 
receiver, the thermometer, and the stirrer — as an aroma diamine as 2 and 2-screw [4-(4-amino 
phenoxy) phenyl] propane and a siloxane diamine — . reactant silicone-oil X-22-161- it taught with the 
compounding ratio which showed NMP (N-methyl-2-pyrrolidone) in Table 1, respectively as AS (the 
tradename by Shin-Etsu Chemical Co., Ltd., amine equivalent 416), TMA (trimellitic anhydride), and 
a non-proton nature polar solvent, and agitated for 30 minutes at 80 degrees C And after supplying 
100ml of toluene as an aromatic hydrocarbon in which water and azeotropy are possible, temperature 
was raised and it was made to flow back at 160 degrees C for 2 hours. It checked that 3.6ml or more 
of water has collected on a moisture fixed quantity receiver, and that the outflow of water was no 
longer seen, and removing an effluent collected on the moisture fixed quantity receiver, temperature 
was raised to about 190 degrees C, and toluene was removed. Then, the solution was returned to the 
room temperature, the amount which showed MDI (4 and 4'-diphenylmethane diisocyanate) in Table 
1 as aromatic diisocyanate was supplied, and it was made to react at 190 degrees C for 2 hours. The 
NMP solution of the siloxane conversion polyamidoimide resin A-1 and the siloxane conversion 
polyamidoimide resin A-2 was obtained after the reaction end. 
[0048] 
[Table 1] 
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[0049] (Production of a non-aqueous-solvent system binder constituent) 

The material shown in Table 2 to examples 1-6, the siloxane conversion polyamidoimide resin A-1 
obtained example of comparison 1 , and the siloxane conversion polyamidoimide resin A-2 was 
added, and the constituent for binders was obtained. After applying the N-methyl-2-pyrrolidone 
solution (the product made from the Kureha chemistry, tradename KF-1 100) of a polyvinylidene 
http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 6/3/2003 



Page 2 of 6 

fluoride to rolling copper foil as obtained resin constituent I-VI for binders,, and an example 1 of 
comparison so that it may become about 30 micrometers of dryness thickness, it dried at 120 degrees 
C for 3 hours, and dryness hardening was carried out at 1 80 degrees C for 2 hours, and the hardening 
paint film was obtained. Subsequently, the hardening paint film was stuck on the glass plate which 
stuck the double-sided tape beforehand, and the rolling copper foil adhesion hardening paint film 
stuck on the glass plate was obtained. The adhesive property (Peel intensity to rolling copper foil) of 
this hardening paint film was measured. The result was shown in Table 2. 
[0050] 
[Table 2] 
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[005 1 ] (Production of a negative-electrode electrode) 

The amorphous carbon of 20 micrometers of example 7 mean particle diameters and the non- 
aqueous-solvent system binder constituent I are mixed at a rate of 96:4, injection mixture is carried 
out at a N-methyl-2-pyrrolidone, and a sluny-like solution is produced. This solution is applied to 
both sides of copper foil with a thickness of 1 0 micrometers, and it dries to them, a mixture - a 
coverage is one side 65 g/m2 a mixture - bulk density becomes 1 .0 g/cm3 ~ as - a roll-press 
machine ~ rolling out - 56mm width of face - cutting ~. a short **-like negative electrode ~ a 
mixture - the electrode sheet was produced a negative electrode - a mixture - the current collection 
tab of the product [ edge / of an electrode sheet ] made from nickel - ultrasonic welding - carrying 
out - a bridge formation of removal of the remains solvent in after that and an electrode, and the 
water of adsorption, and a non-aqueous-solvent system binder constituent sake -- 180 degrees C - a 
1-hour vacuum drying -- carrying out - a negative electrode -- a mixture ~ the electrode was obtained 

[0052] The negative-electrode electrode was obtained like the example 7 except using non-aqueous- 
solvent system binder constituent II- VI at the time of production of the solution of the shape of an 
example 8 - 12 slurries. 

[0053] The non-aqueous-solvent system binder constituent I is mixed with the artificial graphite of 20 
micrometers of example 13 mean particle diameters at a rate of 95:5, injection mixture is carried out 
at a N-methyl-2-pyrrolidone, and a slurry-like solution is produced. This solution is applied to both 
sides of copper foil with a thickness of 10 micrometers, and it dries to them, a mixture - a coverage 
is one side 65 g/m2 a mixture - bulk density becomes 1 .0 g/cm3 - as - a roll-press machine - 
rolling out - 56 mm width of face - cutting a short **-like negative electrode - a mixture - the 
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electrode sheet was produced a negative electrode — . a mixture — the current collection tab of the 
product [ edge / of an electrode sheet ] made from nickel - ultrasonic welding — . carrying out --. the 
bridge formation of removal and the resin constituent for non-aqueous-solvent system binders by the 
remains solvent in after that and an electrode^ and adsorption sake — 1 80 degrees C --. a 1-hour 
vacuum drying --. carrying out — a negative electrode — a mixture --. the electrode was obtained 
[0054] The negative-electrode electrode was obtained like the example 13 except using non-aqueous- 
solvent system binder constituent II- VI at the time of production of the solution of the shape of an 
example 14 - 18 slurries. 

[0055] Example of comparison 2 negative electrode mixes the amorphous carbon of 20 micrometers 
of mean particle diameters, and a polyvinylidene-fluoride resin at a rate of 90:1 0, carries out injection 
mixture at a N-methyl-2-pyrrolidone, and produces a slurry-like solution. This solution is applied to 
both sides of copper foil with a thickness of 1 0 micrometers, and it dries to them, a mixture — a 
coverage is one side 65 g/m2 a mixture — bulk density becomes 1 .0 g/cm3 — . as — a roll-press 
machine rolling out - 56mm width of face - cutting - a short **-like negative electrode - a 
mixture — . the electrode sheet was produced a negative electrode — a mixture — the current collection 
tab of the product [ edge / of an electrode sheet ] made from nickel ~ ultrasonic welding — carrying 
out — a heat curing of the remains solvent in after that and an electrode, or a removal of the water of 
adsorption and a binder resin sake ~ 160 degrees C ~ a 3 -hour vacuum drying — carrying out — a 
negative electrode - a mixture --. the electrode was obtained 

[0056] The negative-electrode electrode was obtained like the example 13 except using a 
polyvinylidene-fluoride resin instead of an example of comparison 3 non-aqueous-solvent system 
binder constituent. 

[0057] About the obtained electrode, electrolytic-solution-proof nature (existence of the 
abnormalities in appearance in one 1000 times the scale factor of this according to the electron 
microscope after being 24-hour immersed at 50 degrees C to these using the mixed liquor of the 
ethylene carbonate / dimethyl carbonate =1/2 (volume ratio) in which LiPF6 was dissolved as the 
electrolytic solution so that a N-methyl-2-pyrrolidone or concentration might be set to 1M) was 
evaluated. These results were shown in Table 3. 
[0058] 
[Table 3] 
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[0059] the obtained negative electrode — . a mixture ~ the charge and discharge test made to discharge 
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until it results in neglect final-voltage IV in discharge current 0.28 mA/cm2, after carrying out 
constant-potential charge of the charge capacity, service capacity, and irreversible capacity of the first 
time by the single electrode of an electrode by discharge current 0.28 mA/cm2 and 5mV of discharge 
voltage was performed, and the cycle property was measured by repeating this The result was shown 
in Table 4 and 5. 



[0060] 
[Table 4] 
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[0061] 
[Table 5] 
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[0062] (Production of a lithium secondary battery) 

the scale-like natural graphite whose mean particle diameter is 1 micrometer as example 19 positive 
active material considering LiCo02 as 89 % of the weight and an electric conduction agent — . 8 % of 
the weight and a binder — carrying out — the non-aqueous-solvent system binder resin constituent I — 
3 % of the weight — adding — this — a N-methyl-2-pyrrolidone — adding — mixing --. a positive 
electrode - the slurry of a mixture was adjusted the same ». as the negative-electrode matter - as 95 
% of the weight of amorphous carbons of 12 micrometers of mean particle diameters, and a binder — 
the non-aqueous-solvent system binder resin constituent I — 5 % of the weight — adding - this — a N- 
methyl-2-pyrrolidone - adding - mixing - a negative electrode - the slurry of a mixture was 
obtained next, a positive electrode — . thickness applied the slurry of a mixture to both sides of the 
aluminum foil which is 25 micrometers, and carried out the vacuum drying at 120 degrees C after that 
for 1 hour After the vacuum drying, pressing of the electrode was carried out with the roller press, 
and thickness was set to 190 micrometers. The positive-electrode binder coverage per unit area was 
49 mg/cm2, and width of face started it by 40mm in the size whose length is 285mm, and it produced 
the positive electrode, however, a portion with a length [ of the ends of a positive electrode ] of 
10mm — a positive electrode — a mixture was not applied, but the aluminum foil was exposed, and 
the positive-electrode tab was stuck to one of these by pressure by ultrasonic jointing 
[0063] on the other hand - a negative electrode - thickness applied the slurry of a mixture to both 
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sides of the copper foil which is 10 micrometers, and carried out the vacuum drying at 120 degrees C 
after that for 1 hour After the vacuum drying, pressing of the electrode was carried out with the roller 
press, and thickness was set to 175 micrometers. The positive-electrode binder coverage per unit area 
was 20 mg/cm2, and width of face started it by 40mm in the size whose length is 290mm, and it 
produced the negative electrode, this — a positive electrode - the same — a portion with a length [ of 
the ends of a negative electrode ] of 10mm --. a negative electrode — . a mixture was not applied, but 
copper foil was exposed, and the negative-electrode tab was stuck to one of these by pressure by 
ultrasonic jointing As for separator, thickness used the micropore film made from polyethylene 
whose width of face is 44mm by 25 micrometers. 

[0064] Subsequently, it piled up in order of a positive electrode, separator, a negative electrode* and 
separator* this was wound, and it considered as the electrode group. This was inserted in the cell can 
of single 3 sizes, can bottom welding of the negative-electrode tab was carried out, and the 
converging section for closing a positive-electrode lid was formed. After pouring into a cell can the 
electrolytic solution which dissolved one mol /of 6 fluoride [ phosphoric-acid ] lithiums in the mixed 
solvent of the ethylene carbonate and diethyl carbonate of 1 : 1 1. by the volume ratio after this, the 
positive-electrode tab was welded to the positive-electrode lid, and the caulking lithium secondary 
battery was obtained for the positive-electrode lid after that. 

[0065] The charge-and-discharge cycle property was evaluated using the obtained lithium secondary 
battery. Charge of the produced lithium secondary battery was charged with constant-voltage current 
until current was set to 30mA by cell-voltage 4.2V, after charging by the constant current to cell- 
voltage 4.2V with 300mA of current. Electric discharge performed constant-current discharge until it 
was set to cell-voltage 2.8V with 300mA of current. This charge-and-discharge cycle was repeated 
300 times. The service-capacity maintenance factor of the service capacity of 1 cycle eye, a 100 cycle 
eye, and a 300 cycle eye is shown in Table 6. 

[0066] Except using resin II-IV for binders for the binder of 20 to example 24 positive electrode* and 
a negative electrode, the lithium secondary battery was produced like the example 19, and the charge- 
and-discharge cycle property was evaluated like the example 19. The service-capacity maintenance 
factor of the service capacity of 1 cycle eye, a 100 cycle eye, and a 300 cycle eye is shown in Table 6. 
[0067] Except using the artificial graphite of 20 microns of mean particle diameters for an example 
25 negative-electrode active material, the lithium secondary battery was produced like the example 
1 9, and the charge-and-discharge cycle property was evaluated like the example 1 9. The service- 
capacity maintenance factor of the service capacity of 1 cycle eye, a 100 cycle eye, and a 300 cycle 
eye is shown in Table 6. 

[0068] Except using resin II-IV for binders for the binder of 26 to example 30 positive electrode, and 
a negative electrode, the lithium secondary battery was produced like the example 25, and the charge- 
and-discharge cycle property was evaluated like the example 25. The service-capacity maintenance 
factor of the service capacity of 1 cycle eye, a 100 cycle eye, and a 300 cycle eye is shown in Table 6. 
[0069] Except using a polyvinylidene-fluoride resin for the binder of example of comparison 4 
positive electrode, and using a polyvinylidene fluoride for the binder of a negative electrode 10% of 
the weight 5% of the weight, the lithium secondary battery was produced like the example 19, and the 
charge-and-discharge cycle property was evaluated like the example 19. The service-capacity 
maintenance factor of the service-capacity 100 cycle eye of 1 cycle eye and a 300 cycle eye is shown 
in Table 6. 

[0070] Except using a polyvinylidene fluoride for the binder of example of comparison 5 positive 
electrode, and using a polyvinylidene fluoride for the binder of a negative electrode 10% of the 
weight 5% of the weight, the lithium secondary battery was produced like the example 25, and the 
charge-and-discharge cycle property was evaluated like the example 25. The service-capacity 
maintenance factor of the service capacity of 1 cycle eye, a 100 cycle eye, and a 300 cycle eye is 
shown in Table 6. 
[0071] 
[Table 6] 
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[Translation done.] 
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